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^) High molecular weight poiyimides with improved properties. 



High molecular weight pclyimides are formed bv po'yccndensation of 2.2 -bis(4-aminophenyl) hex- 
afluoropropane or 2.2 bis(3-amirophenyi) hexafltoropropane with cne or more of bis-(3.4 dicarboxyphenyl) ether 
dianhydnde; 3,3 . 4.4 benzophenone tetracarboxylic acid dianhydride: 3.3 , 4.4 diphenyl tetracarboxylic acid 
dianhydnde and 2,2 -bis(3,4 dicarboxyphenyl) hexafluoropropane dianhydride. Generally, the polymers of the 
present invention are characterized by a molecular weight of more :han about 90 T 000. 
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HIGH MOLECULAR WEIGHT POLYIMIDES WITH IMPROVED PROPERTIES 



ECHNICAL FIELD 



T ^e cesent invention reiatss generally io poiyimides anc -more specifically to pc;yimices containing 
■:eya : ii;orooropy:icene i n«ages. 



3ACKGR0UND ART 



'0 

Polymides in general are '.veil known in the art to be useful for high temperature applications, since 
they have a glass transition remnerature of abOLt 300 degrees Ce;S;us and above. Such polymers may be 
p-eoared in any number of .vays. cerhaps the r nost common nrethod being a two-step process including 
reacting a diannydride such as oyrcmeilitic diarTydrce (PMDA) with a diamine to form a sciubie polyamic 

'5 ac:d -vhicn is then cyc.ized, tnermaily :r by chemical means to form a pclyimide. 

Such procedures have been emctoyed in connection with fluorinated poiyimides as shown f or e<ample. 
m U.S. Patent No. 3.356.643 to Rogers Example 1 1 of the '648 patent d'scloses a method of preparing a 
polyimide from 2.2 -bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride and 2,2 -bis(4-amincphenyl) 
hexafluoropropane. Equmolar amounts of the diamine and dianhydride are stirred together in dio>ane for 

20 ab^ut eighteen nours at -com temperature to form a oolyamic acid. To the polyamic acid is added acetic 
anoydnde and a minor amount of beta-picoline After stirring for about 15 minutes, without ccoling, the 
mature is poured onto a glass piate to form a gel film. The gel film is heated in an oven at 120° C for 
twelve hours, then heated two more hours at 250 * C to form a polyimide *ilm. The poly ; mide film thus 
produced is reportedly soluble in chloroform, oenzene, dioxane and acetone. 

25 Other fluorinated poiyimides are disclosed in U.S. Patent No 3.959.350 to Rogers. In Example I of the 

'350 patent, a fluorinated polyimide is prepared by mixing equ:mo ar amounts of the 2,2 -fcis(3,4-dicarb- 
oxyphenyl) hexafluoropropane dianhydride and 4,4 -diaminodiphenyi ether in dimethylacetanide under a 
nitrogen atmosphere at room temperature. The intermediate polyamic acid «s converted to the correspond- 
ing poiyimide by adding beta-oicolne and acetic anydride. 

30 Flucrnated poiyimides creoareo as above do not have the desired properties in terms of molecular 

weight, color and other parameters required ; or many appiicatiors and thus ; urther work has seen done ir 
this field For instance, in U.S. Patent No. 4,645,824 to Landis et al., there is disclosed and claimed a 
method of preparing high molecular weight fluorinated poiyimides prepared by way of cresol solution. In the 
'324 patent, a method of preparing poiyimides is described including the steps of step wise mixing 

35 equimolar amounts of ' ~ -hexafluoroisoprcpylidene bis(phthalic dianhydride) and 2,2 -bis(3-amincphenyl) 
he.-afluoropropane in cre,ol at -oom temperature. The mixture is heated to about 215' Celsius for one hour 
to yield polyimide of molecular weignt up to accut 35,000, reportedly soluble in dimethylacetamide. 

The above noted polymers, wnile exhibiting the temperature performance characteristic of poiyimides, 
do not exhibit the properties desired in many end-uses. 

•*o It is accordingly an object of tne invention to produce fluorinated polyimide compositions exhibiting 

superior oerformance in terms of mechanical properties, thermal stability, low dielectrics, optical properties, 
and other, more uniform characteristics. 

Another object of the invention is to acnieve shaoed articles of suitable orooerties ^or end uses in 
demanding environments. 

-5 Still 'urther objects and advantages of the oresent invention will become readily apparent from the 

following description and claims. 



SUMMARY OF INVENTION 



Tne present invention is directed to certain high molecular weight oolyimide compositions; specifically 
oclyinide condensation products of either 2.2 -bis<4-amir.cphenyl) hexafluoropropane or 2.2 -bis(3- 
aminophenyi) hexafluoropropane wth one or mor e of a dianhydride with a diary nucleus selected from the 
group consisting of ois-(3,4 cicarboxyphenyi) ether dianhydride. (ODPA): 3,3 . 4.4' diphenyl tetracarboxyllc 
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acid dianhydride (BFDA); 3.3' 4,4 benzophenone tetracarboxylic acid diar.hydride (BTDA). There may 
additionally be provided a suitable amount of 2,2 -bis(3,4 dicarooxyphenyi) hexarluorcoropane dianhydride 
(6FDA). 

The oolymers of : .he present invention are generally soluble (before heat treatment; in solvents such as 
5 dimethyl acetamide and are useful for ; orming thin films due to their excellent mechanical properties. 
Generally, tho poiymers of the present invention are characterized by a molecular weight measured by GPC 
of at least about 90.000 and a pclydispersity of from about 1 .7 to about 2.6. 

to DETAILED DESCRIPTION 

The invention is ciscussed in detail below in connection with several examples. For purposes of brevity 
only, and not by way of limitation, terminology, measurements and procedures are now enumerated. Unless 
15 otherwise indicated, terms are used throughout as detailed below. 

INHERENT VISCOSITY 

20 

The nhcrent /iscosity of polyrre' samples was obtained by measuring the visccsity cf the oolymer 
solution and the solvent and the inherent viscos iy (IV) was calculated from the following equation: 



Inherent 

Natural Logarithm 



f Viscosity of \ 

/ Polymer Solution 

i Viscosity of Solvent 



Visccs itv 



where C is me concentration expressed in grams of polymer oar 100 milliliters of solution. In all cases, 
inherent viscosity was measured using O.S grams of polymer cr reaction mixture in 100 mi of dimethyi 
ace r .anmde at 25 degress Celsius. 

MOLECULAR WEIGHT DATA 



The moiecaar weight of the polymers, whether weight average molecular weight, M w or number 
jo average molecular weight M n were measured by gel permeaticn enromatography (GPC) performed on dilute 
solutions of the polymer in tetrahydrofuran (THF). The actua: apparatus employed consisted of a Waters 
(Miliipore Corp.) programmable automatic sampler, vaccum pump, chromatography columns with heater, 
ard a differential refractometer connected to a Shimadzu CR 30A data reduction system witn accompanying 
scftware (version 1.1. Shimadzu pan No. TN 22301309-91). The refractometer used was a Waters model 
45 410 and four chromatography columns, 500 Angstron, 10C0 Angstrom, 10,000 Angstron and 100.000 
Angstron (available from Waters) were connected in series. The system was calibrated using multipe 
available polystyrene standards ranging in molecular weight as follows: 



50 
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Tabie 1 



GPC CALIBRATION 


Calibration 


Moi. vVt. 


Standard 




'Polystyrene) 




1 


470.000 


2 


170.000 


3 


63.000 


4 


34.500 


5 


9.200 


6 


3.200 




1250 



"^e standards are essentially monocisperse. consisting substantially of a single mclecuiar //eight With :he 
system nus calibrated [he weight average T>o;ecuar weigh: VI.,. the numcer average mclecuiar weght M„, 
and pciydispe'sty. VI,,. M n were obtained for ociymers prccucea in accordance .vith the examples giver 
Hereinafter 



ELECTRICAL, THERMAL. MECHANICAL PROPERTIES 



Glass *ransition temperatures (Tg) //ere determined by differential scanning calorimetry using a Perkir 
Erne- DSC-4 calorimeter coerating at 20 C/min, nitrogen atmosphere at 60comir. Glass transition 
temperature by :his method is generally defined as the point of intersection of tangent lines about the point 
or first inflection of the heating curve of the polymer. Thermcgravimetric analysis //as performec wnh a 
Perkin Elmer 65-2 analyzer at 20 ' C mm with an air rate of SOcc mm. TGA values given nerein are for five 
percent //eight loss: in other words, the temoerature at which 5% weight ;oss is observed is reportea. 

Mechanical properties were measured in accordance with ASTM D-882-81 using an Instron model 4202 
provided with a computer interface (Series IX, version 2.51 software). Cross head speed was se: at 0.2 
incrvminute and guage length was two nches Un-ess otherwise indicatea. a one hundred pound load cell 
was usee, sample Aidth was 0.5 mcnes and tests were conducted at 75 ' F witn a relative humidity of fifty 
per cent. 



REACTANTS 



Monomers used in accordance with the examples which fojlow are oreferably substantially ana:yticai!y 
pure; for example, "electronic'* grade 6FDA is preferable. This material contains more that 98.5% 
dianhydride. less that 1.5% of the corresponding monoanhydride-diacid and less than 0.1% of the 
corresponding tetra-acid. The 2,2 -bis(3.4-dicarboxy phenyl) hexafluoroprocane diannydride soecifiec herein 
(6FDA) is available from Hcechst-Celanese Corporation, Route 202-206 North, Somerville. New Jersey 
08876. E'ectronic grade danrydnde contains less than 10 ppm sodium, less than 5 pom iron, less than 2 
pom cobalt and less that 2 ppm manganese, and has a melting point of 246.5 cegres Celsius. The BTDA 
utilized m the examples giver hereinafter was a high purity poiymer grade, 98.5% pure at a minimum with 
1.5% monohydride and tetra acid at most with maximum ionic impurities of N at K and F 0 of 0.6 ppm, 0.2 
opm and 1 ppm respectively. BPDA was obtained having an assay mirimum of 99.5 per cent, maximum 
onic imourities 1.4 ppm N gi 1.4 ppm K, 1.5 ppm F Q , BTDA and BPDA specified above, i.e. high purity 
oolymer grades, are avai : able from Chnskev, of 5109 W. nitn Terrace, Leawocd, Kansas L.kewise, the 
ODPA, greater than 99% pure was obtained from Occidental. 2801 Long Road, Grand Island New York. 

Q'?!™??- utilized : n accordance with the present invention is aiso preferably suostantially analytically 
cure. To obtain the preferred purity of the diamines noted hereinafter, an avaiiacfe grade or synthsized 
grade of 2.2 -bis(4-aminophenyD hexafluoropropane or 2.2 -bis(3-aminophenyl) hexafluoroprocane is dis- 

4 
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solved m aqueous hydrochloric acid and treated with activated charcoal stirred 'or thirty minutes and 
filtered. The treatment is repeated as necessary to remove color Impurities. :he aqueous solution obtained 
after repeated filtering is treated with ammonium hydroxide until the pH of the resulting slurry is about 9. 
The diamine slurry is then filtered and washed with de-onized or distilled water to form a filter cake, which 

5 in turn is redissoived in methanol and clarified through a five micron or smaller filter. Subsequently, diamine 
is precipitated from the methanol solution by the addition of distilled or de-tonized water and washed, also 
with water. The moist diamine is cried overnight in a vaccum oven and contains less tnat 10 ppm iron, 
sodium and chloride ions. Further information concerning diamines may be found in copending application 
Serial No. 105.357 filed October 7, 1987. now U.S. Patent No. the disclosure of which is incorporated 

/o herein bv reference. 



EXAMPLE I 



'5 

A 3 neck flask was fitted with a stirrer, condenser, ice water bath, thermometer and nitrogen 
atmosphere. To the : !ask 334g (1.0 moie. of 2.2-bis(4-aminopneny!) hexafluoroprcpane along with 1000 
grams of freshly distilled N-methyl pyrrclidone (NMP) was charged. The mixture was ag rated for several 
minutes at room temperature to get a clear, slightly yef!cw, solution. The solution was then cooled to slightly 
:o below -com temperature (about 21 ' C) and 295.63 grams of 3PDA was added portion wise in equal 
intervals and amounts over a period of about thirty m nutes. Based on 9G.5% ourity. 295.68 grams of a 
commercially available hign purity polymer grade o ; BPDA would be one moie. The addition of anhyhnde 
must be carefully executed while the reaction mixture is agitated gently so tnat the solution is maintained 
between 25 and 30 cegrees Cesius. After BPDA addition, the beakers containing monomers were washed 
25 with an additional 1518 grams of NMP and the NMP and residual monomer was added to the reaction 
mixture to obtain a solution of twenty oer cent non volatile concentration. The mixture, maintained at 
between at a uniform temperature between about 25 and 30 degrees Ceicius s agitated gently for about 14 
hours and a sample o ; the polyamic acid formed is withdrawn for viscosity analysis. Tc the oolimerized 
mixture, 30 1 grams of beta-picoline are added and fuily dispersed. After the beta picoline 301 grams of 
acetic anhydride were subsequently added drepwise and the mixture s agitated ^gently rcr an additional 
twenty-two hours (also at 25-30* C, uniform temperature; to complete c/clization. I he above process, and 
those described below, were ali earned out ir a dry nitrogen atmosphere and reactants are ail added in 
portions so that undesirab e effects are avoided. Likewise, it is important to keep the temoerature of the 
reaction mixture suitably uniform in all steps; ; or example, if the temperature is allowed to elevate locally, 
35 even during cyclization. the reaction mixture may gel and not form suitable poiymer. 

The oolymer formed as above was precipitated from solution in methanol by t.ne addition of methanol to 
the reaction liquor, that is oy reverse precioitation. using 2000 mi of methanol for every 500g of polymeric 
solution. The resulting poiymer is then washed with additional fresh methanol. Properties of the pclymer 
(after drying) and polyamic acid appear in Tabie 2. 
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EXAMPLE II 



45 Following the procedure of Example I, the following materials were used: 

334 grams 2.2 bis(4-aminophenyl) hexafluoropropane 

327 10 grams BTDA 

2644.4 grams freshly distillec NMP 

345 grams acetic anhydride 
50 84.5 grams beta-picoiine. 

Reaction times and temperatures (approximate) appear below: 



55 
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W 


Reactant mining in 1 OOOg NMP: 


25 minutes 


Polymerization time at 20 per cent concentration: 


1 5 hours 


Polymerization temoerature: 


2C-25 3 C 


C/c: zation tine: 


22 hours 


Cyci zation temeerature: 


25-30 3 C 



Data on tne pciymer ana intermediate pcyamid acid apoears in Tab e 2. 



EXAMPLE III 



:q 



Following the procedure of E-:arnpie I. tne following material were used: 
334g of 2,2 bis(^-amincchenyi) hexafluoroprooane 
310 granns CDPA 
2576 grams fresnly nist ilea NMP 
850 grams acetic anhydride 
35 0 grams beta picoiine 

Reaction times and temperatures are given below: 



Reactant mixing in 1 OOOg NMP: 


20 minutes 


Polymerization time at 20 per cent concentration: 


1 5 hours 


Polymerization temperature: 


20 - 25 3 C 


Cyciization time: 


24 hours 


Cyciization temperature: 


25 - 30^ C 



30 



After the polyamic acia was formed, the reaction mixture was extremely v scose io the point where a couid 
not be stirred. Data on me polymer and intermediate polyamic acid appears in Table 2. 



EXAMPLES iV - VI 



*0 



Additional polyimijes were prepared in accordance with Example i utilizing mixtures cf dianhydrides 
/vith 2,2 -bis-(4-aminoohenyi) hexafluoroprooane. Procedure followed was otherwise substaniaily icentical, 
although a smai'er oatch size was used and the dianhydrides ,vere b ended before being addeo to the 
jiamine. 

In Example IV, the following materials were utilized to make the polymer; 
36.8 grams 2,2 bis(4-aminophenyi) hexafluoropropane 
31.06 grams ODPA 
29.67 grams BPDA 

510.2 grams NMP 

156.3 grams ace:ic anhydride 
15.63 grams beta-pico;ire 

Times and temp- atures cf the various steps of Example IV appear below: 



55 



Reactant mixing in 200g NMP: 


15 minutes 


Polymerization time at 20 per cent concentration: 


1 5 hours 


Poiymerization temperature: 


30 "C 


Cyciization time: 


2 nours 


Cyciization temperature 


30 'C 
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In this Example IV the lactams were mixed at about 23' C where the temperature was maintained 
during the initial mixing (or polymerization initiation) step. 

E2iamoi£j^yas substantially identical to Example IV except that the following materials were used: 
66.3 grams 2,2 -bis(4-aminopheryl) hexafluoropropane 
5 31.06 grams ODPA 
32.71 grams BTDA 
522.28 grams NMP 
150.2 grams acetic anhydride 
16 02 grams beta-picoline 

>o Example VI w as substantially identical to Example V. ana the following materials were employed: 
33.3 grams 6FDA 

50.1 grams 2,2 bis(4-aminophenyl) hexafluoropropane 
23.25 grams OCPA 
426.6 grams NMP 
15 96.65 grams acetic anhydride 
9.67 grams beta-picoline. 

T*,e reaction time was slightly longer, nowever. :han in Example V. 

Da-a relating to the polymer produced by way or Examples IV througn VI appears in Table 2. 



20 



40 



45 



FILM PREPARATION 



Films were prepared from polymers prepared as in Examples I through VI by dissolving twenty five 
25 grams of so-id, granular polymer m one hundred grams of 70/30 gamma-butyrolactcne/diglyme mixture to 

achieve a colorless, dear solution of twenty percent N.V. concentration. Firms were Men cast on a clean 

glass plate by spreading the solution with a doctor's blade, followed by heating in an air circulating oven 

with the following heatirg sequence: 

2 hrs. @ 70* C 
30 15 hrs. @ 100' C 

1.0 hr. @ 150* C 

0.5 hr. @ 200 " G 

0.5 hr. @ 250° C 

1.0 hr. @ 350 9 C 

35 Data on mechanical properties appears in Table 3 below, as well as heat aging data on the pcwderec 

polymer. In all cases the film tested was substantially solvent free, having a solvent content cf less tnan two 
per cent. 

in ail cases, the film was flexible and non-brittle. Films exhibiting elongation at break greater than abcut 
10 per cent for example are useful in electronic multilayer structures, for example, an electronic laminate 
employing films of the present invention should be extremely durable. All films were soluble in NMP. 
methylene cniorde, and metnyl ethyl ketone and exhibited tow color. The films of Examples 3 and 6 were 
substantially color ess, while :he other films exhibited either pale yellow or amber color. 



SOLVENT AGING 



The polymers of Examples I through VI were formed into thin fi ms on silicon wafers and heat treated at 
350* C for two hours before being placed in methyl ethyl ketone. Solvent aging data at room temperature 
50 and 70* C appears in Table 4 below. 

In acdition to the above Examples, polymer was prepared using essertially the same procedure and 
equimolar amounts of 2,2'-bis-(3-aminophenyl) hexafluoropropane and ODPA to yield pclymer with a 
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TABLE 2 



POLYMER MOLECULAR WEIGHT NHERENT VISCOSITY AND THERMAL PROPERT ES 


Fvamnip 


r Uly 31 I ML. 

Acid (V 


Pelyimice Pclyimiae 
M v V1 n 


. oi /I m igg 
=) c!ydispersity 


Pciyimtde 
IV 


Poiyimide 
Tg 'C 


Poiyirrvce TGA, 
5*3 wt. less ° C 


1 


1.19 


147.300 69,700 


2.1 


1.0 


355 


540 


II 


1.15 


35,000 


32.700 


1 .7 


0.73 


307 


535 


III 


1.35 


1 17,000 


47.000 


2.4 


1.1 


308 


540 


IV 


1.C3 


159,174 


37,513 


2.4 


0.95 


328 


525 


V 


G.99 


149.212 


73.216 


1.9 


0.82 


310 


540 


VI 


0.92 


129.425 


50,076 


2.6 


0.8 


31 1 


562 



Table 3 



Polyimaes & Ccoolyimides Based on 4,4 -6F-Daimme Tnermai and Mechanical Prcpert.es of Films (2 

Thousandths of an inch in thickness) 


Pclyimide of 
Example 


DSC 

Tg'C 


TGA S% Weight 

Loss at ' C 


Mechanical Properties oy Instrone 


Wt Loss* 1 at 343 ' C 
after 235 Mrs % 


Elongation c/ o 


Stress at 
Break psi 


Young's 
Modulus Ksi 




355 


540 


22 


18,000 


390 


3.2 


;l 


307 


535 


10 


15,000 


380 


3.4 


II 


307 


540 


10 


14.300 


294 


3.4 


IV 


328 


525 


9 


14,000 


321 


2.4 


V 


310 


540 


3 


13.000 


297 


3.1 


VI 


311 i 562 


9 


13,000 


270 


1.9 



"POWDERED POLYMER 
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Tab.e 4 



15 



SOLVENT AGING OF THERMALLY CURED 
POLY1MID5S 




THERMALLY CURED (350 ' C/2 
Hrs.) film on wafer 


POLYIM1DE OF 
EXAMPLE 


PERCENT WEIGHT LOSS 


MEbOR.T. 30 
min. 


ME-C70 ' C 30 
min. 


1 


no toss 


0.5 : 


II 


0.9 


0.9 


III 


no :oss 


no loss 


IV 


0.4 


fio loss ; 


V 


1.3 


2.8 


VI 


0.5 


0.6 



25 



g;ass transition temperature of 231 ' Z anc a TGA value (5% loss) of 530 ' C. Polymer data was as follows: 



30 



35 



Poiyarric Acid IV (dl/gm) 


0,83 


Poiyimide IV (dl/gm) 


0.65 


Molecular Weight of 




Poiyimide 




M w 


93.092 


M n 


42.495 


Pclydispersity 


2.1 



-*0 



50 



Further, a two mil film of the 2.2 -bis(3-aminopheny!) hexafluoropropare 
following mechanical properties: 



ODPA material had tne 



Tensile Strength (PSl) 


16 470 


Tensile Modulus (K3I) 


433 


Elongation at Break (%) 


4.95 



The invention has been descnoed in detail hereirabove with respect to several embodiments anc 
accordingly, further explanation, data and examples is deemed unnecessary. Various modifications will be 
obvious to those of ordinary skill in the art; which modifications are within the spirit and scope of the 
present invention which is limited on!y by the appended claims. 



Claims 
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1. A high molecular weight poiyimice condensation product composition produced from a diamine 
selected from the group consisting of 2.2 -bis(3-aminophenyl) hexafluorooropane and 2,2 -bis(4- 
aminophenyl) hexafluoropropane and an equmolar amount of dianhydride consisting essentially of a 
compound or mixture selected ; rom me grouo consisting of bis-(3.4 dicarbcxypheryl) ether dianhydnce 
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3.3 4.4 diphenyl r etracaroc:<yiic acid dianhydride. 2,2 -bis(3.4 dicarbcxypnenyi) hexaflucnpropane cian- 
nyance ana 3.3 4.4 benzophenone tetracarco<yiiC acd dianhydride wherein saic pclyimide nas a 
mciecuiar weight of at east aoout 90.0CO anc a ooiydispers ty of from about 1.7 tc about 2.6 

2. The composition acccrdirg to c:ainn 1. wherein the ociydispersity :f said composition s from, about 
* 9 to acout 2.4. 

3. The composition acceding tc claim 2, .vnerein the pciydispersity of sad ccmccsitcn s abcu: 2.2. 

4. The comoositior according to c;aim 1. wnerein the mciecuiar weight cf said ccmccsition s a: least 
aoou: 123.300. 

5. The comoos.tior according to claim 4, wherein the mciecuiar weight of saic corrcosition s at 'east 
about 150.300 

6. The comoos.ticr acccrding to cairr t, .vnerein saic ciannycnce component consists essentially of 
c.s-(3.4 dicarboxyenenyi) ether dianhydride. 

7. The comccsition according to eaim *, wherein saic diannydride comoonent consists essentially cf 
3 3 4,4 dipnenyl tetracarbo.-:yiic acid dianhydrice 

8. The comoositicn according to c aim \ wherein saic oiannyoride ccmocnent consists essentially of 
3 3 . 4.4 oencopoenone tetracarboxylic acid dianhydnae. 

9. The composition according tc claim 1, wherein said dianhydnde comoonent consists of an equmolar 
r <ture of two of sa a dianhydndes. 

10. I'ne composition according to ciaim 1 m ;he form of a fi rr affixed to a substrate. 

11 A polymer film consisting essentially of a hign molecular weight poiyimice condensation product 
composition produced from a diamine selected from the group consisting of 2.2 -ois-3-aminophenyl 
he<afluoropropane and 2,2 -bis(4-aminophenyl) hexa fluoropropane and an equimolar amount cf dianhyende 
consisting essential ; y of a compound or mixture selected from the group consisting cf bis-(3,4 dcarbox- 
ypnenyl) ether dianhydnde, 3,3 4,4 dipheny tetracarboxylic acid dianhydnde 2.2 -ois(3,4 dicarboxyphenyh 
he<afluoropropane dianhydnae and 3.3. 4,4 benzophenone tetracarboxy ic ac;a dianhydride wherein saic 
pciyimide has a mciecuiar weight of at least about 90.000 and a polydispersity of from about 1.7 to about 
2.6 

12. The polymer film according to ciaim 11, wherein the poiydispersity of said composition is from 
about 1 9 to about 2.4. 

13. The polymer film according to cairn 12, wherein the poiydispersity of said composition is about 2.2. 

14. The ooiyme' film according k .o claim. ■ 1, wherein the mciecuiar weight of said composition s at least 
about 120.000. 

15. The polymer film according to c : aim 14. where. n the moiecuiar weight of said ccmposit cn s at least 
acout 1 50.000. 

15. The polymer film according to claim 11, wherein said dianhydnde component consists essentially of 
bis-(3.4 aicarooxyphenyl) ether dianhydnde. 

17. The polymer film acoordmg to claim 11, wherein said dianhydnde comoonent consists essentially of 
3.3 . 4,4 dipnenyl :etraca r boxy!ic acid dianhydnde. 

13. The polymer film according to claim 1, wherein said dianhydride component consists essentially of 
3,3 , 4.4 benzophenone tetracarboxylic acid dianhydride. 

19. r he polymer film according to c aim 11 therein said dianhydride component oonsists of an 
equimolor mixture 3f two of said dianhydndes. 

20. The pclymer film according to cairn 11, wherein the elongation at break of said film is at least about 
10 per cent. 
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